Introduction to Bio-Analytical Chemistry
Now, I will propose a new field of Analytical Chemistry, Bio-Analytical Chemistry, where the involvement of analytical chemists is encouraged and will be greatly appreciated. It treats A) the analysis of biomolecules related to the maintenance of homeostasis in living mammals, such as the blood pressure, the body temperature, the pH of blood, and the blood glucose and calcium levels. It also treats the analysis of biomolecules or chemicals of unknown as well as known physiological roles. Finally, but not the least, it includes B) the development of methods to search into and clarify the mysteries in nature.
Studies of Bio-Analytical Chemistry
In line with this thought, some works are now going on in our laboratory. Let us show two of our examples. One is on the biomolecules related to the blood pressure regulation and the other is on some biomolecules which have mysterious roles in animals.
3·1 Blood pressure regulation
In animals, the blood pressure is always maintained at a constant level to keep their lives healthy. For example, 70 mmHg to 130 mmHg is a regular range of the blood pressure for normal human individuals. To keep the pressure, there are several regulation systems, such as sympathetic nervous system, renal regulation by renin-angiotensin system, endothelial cell system including endothelin and nitric oxide, hormonal regulation such as vasopressin, aldosterone, acetylcholine, atrial natriuretic peptides, histamine and prostaglandins. Hence, if we measure all the bio-molecules at point intervals when the blood pressure is continuously changed within the regulation range, we will get the information about their mutual relations on the regulation of the blood pressure. Furthermore, in the diseased state, some different relations would occur, the knowledge of which should be advantageous for understanding of and therapy for the disease. Now, I will describe the procedure of our experiment. First, we focussed our efforts to estimate the sympathetic nerves' activity since the sympathetic nerves are the major components to maintain the blood pressure ( Fig. 1 ). When the blood pressure goes down, the baroceptor in carotid sinus or aorta detects the reduction and simultaneously transmits a signal to the brain, which then informs the signal to the sympathetic nerves. The information is transmitted to the nerve endings to stimulate the release of the chemical neurotransmitters, catecholamines (norepinephrine and epinephrine), which then arrive at the adrenergic receptors to contract the muscles to increase the blood pressure. To maintain the regular pressure level, the baroceptor also calms down the signal transmission when it detects the blood pressure increase. Thus, the link of this transmission of signals and the release of the bio-mole-cules (catecholamines) can maintain the blood pressure.
This sequence of the blood pressure regulation indicates that the quantification of catecholamines in blood can estimate the sympathetic nervous system activity in individuals. However, there are problems to reach the goal. The main problem is the presence of very minute amounts of catecholamines in blood, in the range of sub-pico mol/ml. Then, we engaged in the development of a method to overcome the problem by using high-performance liquid chromatography (HPLC) with chemiluminescence detection. 2, 3 The method established (refer to 3·3·2) allowed us to determine catechoalamines in 50 ml volume of rat or human blood ( Fig. 2 ). 4, 5 Utilizing the method and the artificial continuous blood pressure reduction by an anti-hypertensive drug, we demonstrated, for the first time, a good linear correlation between the blood pressure and the sympathetic nervous activity on an individual rat basis ( Fig. 3 ). 6 The more dull sympathetic nervous activity in the hypertensive rats (spontaneously hypertensive rats, SHR) as compared with that in the normotensive (Wistar Kyoto, WKY) rats was also clarified ( Fig. 4 ). 7 However, the sympathetic nervous activity in SHR of a 4-weeks-old was the same as that in the age matched WKY rats (submitted), meaning that the activity might be more dull as the hypertention is being established. The finding stimulates us to search for the reason why the dullness occurs. Is the adrenergic receptor more sensitive to activation by a smaller concentration of catecholamine in SHR? A different kind of study has to be done to clarify the mystery. In this way, analytical chemists can participate in this fascinating race of science on the basis of developing the methodology.
Further, we found that there are different effects on the blood pressure regulation among the anti-hypertensive drugs; diltiazem, verapamil and nicardipine. 8 I am not going into the details, but the results would be useful for the evaluation of the anti-hypertensive drugs for 258 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 clinical use. Next, we tried to investigate the changes of the amino acids levels in blood when reduced by the drug in order to know the effect of blood pressure reduction on the synthesis or metabolism of amino acids. Among the 18 amino acids in blood, only arginine level was significantly reduced according to the blood pressure reduction in SHR, whereas no change of arginine concentration was observed in WKY rats ( Fig. 5 , Biomed. Chromatogr. in press). The cause of the variation is not yet clear. However, considering that arginine is the precursor of nitric oxide produced in the endotherial cells, we think that the deposit of arginine in some organs such as liver and kidney would not be enough to supply to compensate its consumption in SHR. Further studies will clarify the meaning of this variation.
The studies on the other biomolecules related to the regulation of blood pressure or reflected by the change of the pressure would demonstrate the physiological significance of each molecule in the blood pressure regulation in animals. Such information will be useful for the understanding of the roles of each bio-molecule in homeostasis in animals or mammals and also applicable to the understanding of the diseases related to the disturbance of the homeostasis. In order to achieve these types of experiments, multiple determinations of the analytes in a small volume of samples are mandatory, thus, we need very sensitive and selective methods for determination of biomolecules in animals. Therefore, analytical chemists, scientists able to be successful in this field, are keenly needed to be engaged in these fields of sciences.
3·2 Search of D-amino acids in mammalian tissues
Some recent progress of methodology on the chiral separation of biomolecules and drugs has enabled the detection of D-amino acids in mammalian tissues. 9 Since we developed a new technique for the enantiomeric separation of amino acids by the chiral stationary phase HPLC following the derivatization with a fluorogenic reagent, 4-fluoro-7-nitro-2,1,3-benzoxadiazole (NBD-F), we took advantage of the chance to use it for the search of D-amino acids in rat tissues. Then, a huge amount of D-aspartic acid was found in the pineal gland in rat brain (Fig. 6 ). 10 The concentration of Daspartic acid increased with age but decreased in the older age. It was also high at the developmental stage of life, suggesting it has some biological significance in mammals, but this is not yet clear. It was located in the cytosol of the cells 10 and the distal part of the cells of pineal gland (pinealocytes). 11 The origin of D-aspartic acid is not yet clarified. However, a part of it may be derived from the exogenous sources, such as diet. 12 As described above, the finding of occurrence of Daspartic acid in rat brain tissue opened a new way of research and prompted us to investigate further in this field of natural science. A new method could discover new sorts of biomolecules or new pathways working in nature. Analytical chemists have to use the methods 259 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 Fig. 4 Relation between blood pressure and plasma norepinephrine (NE) concentration obtained from spontaneously hypertensive rats (SHR) and normotensive rats (WKY) 23week-old. Fig. 5 Relation between blood pressure and plasma arginine concentrations. they developed and must stick insistently to the biomolecule which they discovered until they reach to a certain end.
3·3 Development of the methods
Analytical Chemistry is a field of science which is responsible for developing the techniques and methods for identifying and quantifying the molecules. The methods include also for the ways to reach and open the door of the hidden boxes of mysteries in nature. In this section I will describe the methods we developed for the analysis of biomolecules and other related chemicals. 3·3·1 HPLC-peroxyoxalate chemiluminescence detection system The chemiluminescence detection in HPLC was thought to be more sensitive than the fluorescence detection because the noise level is less than in the fluorescence detection, where the stray radiation or Raman radiation derived from the light source raises the noise level. After careful and extensive examinations using peroxyoxalate chemiluminescence (PO-CL) reaction (Fig. 7) , for example, on the energy transfer and reaction kinetics [13] [14] [15] [16] [17] , kinds of fluorescent compounds [18] [19] [20] [21] and oxalates [22] [23] [24] and detection system 25 , for the detection of the fluorescent compounds in HPLC (Fig. 8) , the femtomol determinations of fluorescent compounds, as had been expected, were achieved ( Fig.  9 ). 2, 3 It was applied to the ultra trace analysis of catecholamines 26 , amino acids [27] [28] [29] [30] , steroids [31] [32] [33] and drugs. 3, [34] [35] [36] [37] [38] [39] [42] [43] [44] [45] [46] 
3·3·2 Automatic catecholamine analyzer
For the ultra sensitive detection of catecholamines, we examined the reaction condition of catecholamines with ethylenediamine to produce fluorescent compounds and combined it with the chemiluminescence detection for the postcolumn reaction detection system in HPLC (Fig. 10 ). 5 As described above (3·1), the trace analysis of blood catecholamines clarified the relation between the blood pressure and the sympathetic nervous system. 4, [5] [6] [7] [8] 47 
3·3·3 Benzofurazan fluorogenic reagents
For the sensitive detection of biomolecules, a series of fluorogenic reagents were synthesized, which have a 2,1,3-benzoxadiazole (benzofurazan) skelton. The selection of the 2,1,3-benzoxadiazole (benzofurazan) skelton stems from their long fluorescence wavelengths more than 500 nm derived of the reaction products with the biomolecules. Then the avoidance from the interferring fluorescence of around 400 nm derived from the biological substances led to the selective and sensitive detection of biomolecules. Thus, several fluorogenic reagents having benzofurazan structure were newly synthesized for the respective reactions with amines, carboxyls, hydroxyls, carbonyls and thiols, to afford the fluorescence (Fig. 11 ).
The first of this reagents, NBD-F was very reactive to the primary amines but also the secondary amines such as proline to give fluorescence at 540 nm with the excitation at 480 nm. 48 The latter wavelength was advanta- 260 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 geous for the excitation with an Argon laser fluorescence detection. The reagent was found to be useful in combination with HPLC for the sensitive (sub-picomol) determination of amino acids including D-amino acids (A-2), peptides, proteins, and drugs. [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] The reagents, ABD-F 62 , SBD-F 63 and DBD-F 64 are now widely used for the sensitive detection of thiols. [59] [60] [61] [65] [66] [67] [68] [69] [70] They have been used not only for the determination of small biomolecules such as cysteine, glutathione in plasma and a drug (captopril) [71] [72] [73] [74] [75] [76] [77] [78] , but also for thiol moiety determination of big molecules such as proteins and enzymes. 79, 80 The reagent for alcohols, 261 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 DBD-COCl 81 , was useful for the determination of anandamide, a unique endogenous cannabinoid receptor agonist in rat brain region and peripheral tissues. 82 The other reagents: alkylaminobenzofurazans [83] [84] [85] [86] and benzofurazan hydrazines 87 , were used for the determination of fatty acids, prostaglandins and drugs, respectively.
3·3·4 Chiral separation of amino acids
After an extensive study of the interaction of NBDamino acids with some chiral stationary phases, an artificial chiral stationary phase (Pirkle type) was found to be most effective to achieve the enantiomeric separation of NBD-amino acids (Table 1) . 88, 89 The simple sample treatment (plasma and tissues), such as only methanol deproteinization, led to the analyses of many biological specimens and food samples. 90, 91 The method was then applied to D-amino acids determination in rat tissues (3·2) 10 and in human serum, where significant correlations of D-serine and D-alanine with blood creatinine and blood urea nitrogen 92 were demonstrated.
Epilogue
In this article, I proposed a new field of Analytical Chemistry, Bio-Analytical Chemistry. It would treat the analysis of biomolecules related to the maintenance of homeostasis and the analysis of biomolecules or chemicals of unknown or known physiological roles. It also includes the development of methods to search for and clarify the mysteries in nature. At the same time, I showed some examples of our studies in the field of Bio-Analytical Chemistry.
The main reason for this proposal is my desire to stimulate more young people to participate in and be involved in the promotion of Analytical Chemistry which is at present not a hit with the youth. Many problems to be solved willingly by the young people will be very welcome by members of my generation who are retiring now or will be retiring soon from the field of science.
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